activity, the antilipid peroxidation activity of S. involvens (water extract) was remarkable A. Subramoniam [EC 50 : 2 µg/ml]. This extract did not exhibit any conspicuous toxicity in mice in general, E-mail: asubramoniam@yahoo.com short-term toxicity evaluation. At high dose, serum cholesterol level was significantly re duced. Conclusion: Out of the three Selaginella species studied, the water extract of S. involvens has promising thymus growth stimulatory activity in adult mice and remarkable antilipid peroxidation property; these observations are of interest in view of tribal and folklore belief that this plant prolongs life span.
Introduction
used in folk medicine to treat urinary infections. [2] , [4] The present Although many ferns, pteridophytes, are used in ethnostudy reports the immunomodulatory and antioxidant activity medical practices in remote villages in India, most of them of these plants in relation to the traditional use of S. involvens.
are not pharmacologically evaluated.
[1]- [3] There is an urgent Materials and Methods need to determine the true therapeutic value of medicinal Animals pteridophytes. Among pteridophytes, Selaginella [family:
Adult Swiss albino mice (25-30 g, body weight) maintained Selaginellaceae] is an important, fully unexplored genus with in our animal house under standard conditions were used. regard to their medicinal properties. Some of the species of Animals were fed with standard rodent pellet and water ad the genus are used in folk medicine as a guarded secret. [2] , [4] S. libitum. Our animal house and breeding facility have been involvens (SW) Spring, S. delicatula (Devs.) Alston, and S.
registered with Committee for the Purpose of Control and wightii Hieron are the three important Selaginella species found Supervision of Experiments on Animals (CPCSEA), Government in the Western Ghats of Kerala. S. involvens is an epiphytic of India and the CPCSEA guidelines were followed [IAEC fern which also grows as lithophytes and terrestrial plants. It approval obtained]. is said to possess the property of prolonging life and Preparation of plant suspension and extracts ameliorating old age-related health problems including
The plants were collected from the wild and identified infections. [2] , [5] , [6] S. delicatula is used in ethnomedicine for with the help of pteridophyte taxonomists of Tropical Botanic healing external ulcers and it is found throughout the southern Garden and Research Institute (TBGRI) and specimen samples parts of Western Ghats partially in shaded and moist areas. S.
were preserved. The whole plant was dried, powdered, ground wightii is a rare prostrate fern found in open rocky areas. It is in 2% gum acacia into a fine paste and suspended to the desired concentration with 2% gum acacia for oral administration.
To prepare water extract, the dried plant powder was extracted with distilled water (5 g/100 ml) with constant stirring for 4 h and then filtered through a filter paper. Residue was again extracted using the same method as above with water. The combined filtrate was freeze-dried. The alcohol extract of the plant powder was prepared similarly using ethyl alcohol instead of distilled water. However, in this case, the combined extract was evaporated to dryness in a rotary evaporator under reduced pressure at 40°C as described elsewhere; [7] and the yield of the extract was determined. The hexane extracts of the powder was prepared as above using n-hexane instead of alcohol. However, to ensure complete extraction, 2 g powder was extracted with 100 ml hexane and the process was repeated three times. The filtrates from the extractions were combined and dried in a rotary evaporator under reduced pressure at 40°C. The yield of the hexane extract was determined.
Immunomodulatory property This was done as described elsewhere. [8] , [9] Briefly, groups of six mice were immunized by injecting (i. p.) 0.2 ml of sheep RBC (5 x 10 9 cells /ml) on day 0. The fern suspension was administered orally (500 mg/kg) on days -3, -2, -1, 0, +1, +2 and +3. A reasonably high dose, i.e., 500 mg (dry wt)/kg of the whole plant was used.
Control group received 1% gum acacia in an identical manner. On day 7, after immunization, blood was collected to determine hemagglutination antibody titre, [8] leucocyte count and spleen for plaque forming cells. [10] Macrophages were separated from peritoneal exudate cells (collected using cold RPMI-1640 medium containing heparin) by adhering on glass surfaces at 37°C in heparin free medium. The adhered cells were collected in cold medium containing heparin and counted using hemocytometer. The weight of thymus was also determined.
Since the thymus weight was influenced by the herbal drugs in the preliminary observations, effect of different periods of treatment as well as age of animals on the same were studied. For this purpose, 3, 9 and 16 weeks old male mice were selected and each age group was divided into four groups. Group 1 served as control and groups 2-4 received treatment on days 1, 2 and 6, respectively. [In the preliminary study, 100 mg/kg water extract of S. involvens, and not alcohol and hexane extracts, stimulated thymus growth. Hence 100 mg/kg water extract was tested in these studies].
To study the effect of different doses of water extract of each plant, four groups each containing three nine-week-old mice were used. Group 1 served as control and received water while groups 2-4 received 50, 100 and 200 mg/kg water extract, respectively for 2 days.
Assay for in vitro lipid peroxidation To study the inhibition of lipid peroxidation by the extract, lipid peroxidation was induced with Fe 2+ /ascorbate system. [11] The reaction mixture contained liver homogenate (25%, 0. as thiobarbituric acid reactive substances by the method of Okhawa et al. [12] The percentage of inhibition of lipid peroxide formation was determined by comparing the results of drug treated and untreated samples.
Assay for hydroxyl radical scavenging activity Hydroxyl radical scavenging was measured by studying the competition between deoxyribose and the fern extracts for hydroxyl radical generated from the Fe 3+ -ascorbate-EDTA hydrogen peroxide system (Fenton reaction). The reaction mixture containing deoxyribose (2.8 mM), ferric chloride (0.1 mM), EDTA (0.1 mM), hydrogen peroxide (1.0 mM), ascorbate (0.1 mM), potassium di-hydrogen phosphate-potassium hydroxide buffer (20 mM, pH 7.4) and various concentrations of the extracts in a final volume of 1ml. The mixture was incubated for 1 h at 37°C. Deoxyribose degradation was measured as thiobarbituric acid reactive substances by the method of Ohkawa et al. [12] .
Assay for in vivo lipid per-oxidation
To study the in vivo effect of the water extract on lipid peroxidation, male mice weighing 28-30 g were divided into control and test groups. There were three test groups; one for each plant species with six mice in each group. The test group was administered daily 100 mg/kg of water extract, p.o., (0.5 ml/mouse) for 6 days and the control group received the vehicle (water) in an identical manner. The animals were killed on the seventh day and the liver samples were collected. Liver homogenate was prepared and thiobarbituric acid reactive substances in the homogenate were measured as mentioned earlier.
Short-term toxicity evaluation To determine the short-term toxicity, groups of eight male mice were administered daily, different doses of the active water extract of S. involvens for 15 days. Body weight, food and water intake, and general behaviour were monitored. The behavioural parameters obser ved were grooming, hyperactivity, sedation, loss of righting reflex, convulsion and respiratory rate. After the treatment period, mice were killed for the collection of blood and vital organs. The weights of the important organs were recorded. The haematological and serum biochemical parameters [protein, urea, cholesterol, glutamate pyruvate transaminase (GPT), glutamate oxaloacetate transaminase (GOT), alkaline phosphatase and glucose] were determined using the standard methods.
[13]- [15] Statistical analysis Statistical comparison was done with three or more groups using one-way analysis of variance (ANOVA) followed by Dunnetts' test. P values <0.05 were considered significant.
Results

Extracts
The dried powders of the three different ferns showed more or less the same pattern of extractability with water, ethyl alcohol and n-hexane. In the case of S. involvens, the yields as percentage of dry whole plant powder of water, ethyl alcohol and n-hexane extracts were 16.0±2.0, 10.1±1.1 and 5.0±0.6, respectively. The yields for S. delicatula (water, ethyl alcohol and n-hexane) extracts were 24.2±3.2, 14.1±2.2 and 3.2±0.4, respectively, whereas those for S. wightii extracts were 19.1±2.4, 9.1±2.1 and 2.2±0.2, respectively. 
Immunomodulation
The crude water suspension of the whole plant powder (500 mg/kg) of the three plants did not influence humoral antibody titre and antibody secreting spleen cells against sheep RBC, antigens (data not shown). But, as shown in Table 1 , the suspensions of the plants remarkably increased the weight of thymus in adult mice. This effect was very marked in the case of S. involvens compared to the other two species. The number of total leucocytes and peritoneal macrophages were not significantly altered by the treatments.
When different extracts of the ferns were tested, the water extract and not ethyl alcohol and n-hexane extracts, was found to stimulate the growth of thymus in mice. The increase in thymus weight observed in adult mice was remarkable in the case of S. involvens; it was more than 2-fold at 100 mg/kg, compared to control. [ Table 2 ] However, this effect of the water extract was not observed in suckling mice ( Table 3) . The thymus stimulatory effect of the extract was dose-dependent and the effect was found to be optimum at 100 mg/kg S. involvens (water extract) and it was prominent at 48 h after administration. [ Table 3 ]
Antioxidant activity The water extract of S. involvens showed remarkable inhibition of lipid per oxidation. This was found to be dose dependent. At a concentration of 2 µg/ml the in vitro inhibition of peroxidation of lipid was almost 50%. The concentration required for 50% inhibition (EC 50 ) of in vitro lipid peroxidation for S. involvens, S. delicatula and S. wightii was 2.1±0.1, 38.2±1.2 and 76 .6±4.4 µg/ml [mean±SD of 3 separate determinations], respectively. The water extract of the three plants also showed varying levels of hydroxyl radical scavenging activity in vitro. S. delicatula was more potent in hydroxyl radical scavenging activity compared to the other two species. Concentration of water extract required for 50% in vitro inhibition of hydroxyl radical production for S. involvens, S. delicatula and S. wightii was 170.2±7.2, 32.1±2.6 and 88.4±7.2 µg/ml [mean± SD of three separate determinations], respectively. This antioxidant activity was observed under in vivo conditions also. The liver homogenate obtained from the water extract (100 mg/kg) treated mice showed a marked reduction in thiobarbituric acid reactive substances (melondialdehyde formed from lipid peroxides) indicating in vivo inhibition of lipid peroxidation. At the dose level studied (100 mg/kg) all the three plant extracts showed significant inhibition of lipid peroxide. Melondialdehyde formed in the control mouse liver homogenate was 1.10±0.08 n mole/ mg protein whereas that formed in S. involvens, S. delicatula and S. wightii treated liver was 0.41±0.02*, 0.51±0.03*, 0.42 ± 0.02* n mole/ mg protein, respectively [*P<0.001 compared to control]. Toxicity evaluation in mice Daily feeding for 15 days with S. involvens (water extract) 200 or 400 mg/kg did not result in any change in general behaviour of the animals. Body temperature and state of the stool were also not influenced by the drug treatment. Weights of organs (liver, kidneys and spleen) as well as food and water intake were not significantly altered by the drug administration (data not given). The extract at 200 mg/kg dose markedly increased the weight of thymus, while at 400 mg/kg dose it marginally reduced the weight of thymus. [ Table 4 ] The in vivo lipid peroxidation was also markedly reduced at 200 mg/kg dose, whereas at the higher dose (400 mg/kg) there was no significant change in lipid peroxidation. Blood haemoglobin content and leucocytes count, as well as serum protein, urea, GPT and GOT were unchanged by the treatment. [ Table 5 ] 
Serum cholesterol
Interestingly the level of serum cholesterol was significantly reduced in the high dose (400 mg/kg) treated mice. [ Table 5 ]
The peritoneal macrophage count, serum glucose and alkaline phosphatase showed an increasing trend at the higher dose. Thus the water extract did not exhibit any conspicuous adverse toxic symptoms in the preliminary short-term general toxicity study in male mice.
Discussion
This is the first report on the pharmacological properties of Selaginella species. The present study shows that the water extract of S. involvens and, to some extent, that of S. delicatula and S. wightii can reverse thymic involution in the adult mice. Interestingly, the same extract has both reversions of thymus involution and antioxidant activities. These activities are linked to old age related health problems and reduction in life span. [16] , [17] Involution of thymus is known to be one of the leading regulators of aging and age-dependent decline in thymus dependent immune functions including removal of auto reactive T-cells. [16] , [18] Therefore, it appears as a promising fern to develop as an agent to prolong life span and reduce old age related health complications.
The observed increase in the weight of thymus appears to be due to both an increase in epithelial cells and the number of thymocytes. This may reflect an increase in the proliferation of thymic epithelial cells and chemotactic-mediated enhancement in the entry of precursor T-cells into the thymus. Histological studies on the thymus remain to be done to confirm this. The stimulation of thymus did not occur in suckling mice, where the involution has not occurred significantly. Auto reactive lymphocytes are eliminated by apoptosis in the thymus, which could prevent auto-immunity. [18] The water extract could, possibly, prevent many old age related infections, auto-immunity, etc.
The mechanism by which the extract exerts its effect on the thymus is not known. Probably, it could indirectly stimulate thymic epithelial cells to proliferate leading to reversion of thymus involution. Many factors including growth factors are involved in the involution of thymus. [19] The influence of the extract on these factors and the expression of their genes remain to be studied.
In the toxicity study, at high dose antilipid peroxidation activity was not observed. We do not know the reason for the same. It should be remembered that body produces varying levels of free radicals from different cell types. As an adaptation, macrophage may produce increased amount of free radicals to combat the antioxidant effect. The hypocholesteremic effect observed at high dose is also of interest. This observation requires detailed studies, among other things, using high cholesterol fed rats. It is possible that at high concentration, a shift in the metabolism of cholesterol and free radical production in the body may occur. The decrease in serum cholesterol levels and a marginal increase in macrophage number observed in the high dose treated animals are beneficial effects.
Many environmental toxic chemicals such as the dialkyl tin compounds used in plastic industry, cause thymic atrophy and subsequent immune suppression. [20] It is of interest to study whether or not the water extract of Selaginella involvens could protect from such immuno-suppression. The thymic atrophy caused by dibutyl tin dilarate was associated with activation of protein kinase C and an increase in intracellular calcium in thymocytes and consequent inhibition of phosphoinositide turnover. [20] Although many nutraceuticals and herbs have antioxidant activities, the antilipid per oxidation observed with the water extract of S. involvens in the present study was remarkable. More than 50% inhibition was observed at a very low concentration (2 µg/ml) of the extract. The well known natural product antioxidant curcumin showed activity far less than this. [21] It should be noted that oxidative changes play a key role in various conditions, which limit the life span. [22] Thus the herbal drug with reversal of thymus atrophy and remarkable antioxidant activity could possibly prove to be a boon in old age related health care.
S. involvens is used in ethnomedicine from time immemorial. Further, the extract did not show any conspicuous toxicity in our limited toxicity evaluation in mice. The doses used for the 15-day-toxicity studies were two and four times higher than the optimum dose required for stimulation of thymus weight in 2-day treatment. At the very high dose studied the stimulation of thymus growth was not evident. It is possible that some feedback control mechanism may come into effect at this high dose. In this connection the following points also need a mention. 1. There may be a possibility for development of tolerance to the thymic stimulation activity. 2. A possibility of inhibition (instead of stimulation) with chronic treatment exists. 3. This herbal drug if confirmed to be useful is more likely to be used on a chronic basis and hence future studies should focus on long-term treatment of this compound. The herb appears to be a safe drug. There is an urgent need to carry on studies to establish the therapeutic utility of S. involvens as an invaluable medicine to treat specific old age related and toxic chemical mediated health problems. In view of the ethnomedical use of this fern for infection, there is a need to study the antimicrobial, including antiviral, properties also. Studies are in progress in this laboratory to isolate the active principle.
